We give an estimation of the masses of light dark matter particle and dark energy quasiparticle which can be extracted from the astrophysical data about the contributions of baryon (Ω B ), dark matter (Ω DM ), and dark energy (Ω X ) densities to the total matter-energy density budget in our universe. We use the quantum cosmological model in which dark energy is a condensate of quantum oscillations of primordial scalar field. The dark energy quasiparticle with the mass ≈ 15 GeV is consistent with the 7-year WMAP and other data on Ω B and Ω X . The quasiparticles can decay with violation of CP-invariance into baryons, leptons, and dark matter. The WIMP mass ≈ 5 GeV corresponds to observed values of Ω B and Ω DM . Such a mass agrees with the observations of CoGeNT, DAMA, and CDMS. Quasiparticles of dark energy can be registered as a constant background of radiation with the frequency ≈ 3.64 × 10 24 s −1 . Dark matter particles must exhibit themselves in the form of signals with the frequency ≈ 1.21×10 24 s −1 of radiation from galaxy clusters where the intensive gravitational fields produced by dark matter exist.
PACS numbers: 98.80.Qc, 04.60.-m, 95.35.+d, 95.36.+x 1. The CoGeNT collaboration [1] has recently announced the observation of an excess of events at low energies which can be interpreted as a detection of dark matter particles with a mass in the range of m χ ∼ 7 − 11 GeV. Account of the observations of DAMA collaboration [2] and the CDMS experiment [3] allows to establish the restriction on a mass of dark matter particle in the range of m χ ∼ 5 − 10 GeV or even m χ ∼ 1−10 GeV within the context of asymmetric dark matter models (ADM) [4] . Assuming the value σ ≈ 10 −40 cm −2 for an elastic scattering cross section of dark matter particle with nucleus and using the measured dark matter abundance Ω DM h 2 = 0.11 [5] , with the help of the effectively coupling analysis one can conclude that the observed signals should be interpreted as an evidence for a scalar WIMP with scalar interaction.
The low mass dark matter problem can be analyzed, e.g., within the context of the standard model with scalar dark matter, ADM models, or the minimal supersymmetric standard model with neutralino dark matter (see, for instance, bibliographies in Refs [1, 4] and Refs [6, 7, 8] ). A different model based on the quantum cosmological approach involving the available data on the abundance of baryons and dark matter in our universe was proposed in Ref. [9] . Obtained restriction on the mass of dark matter particle with zero spin m χ < 15 GeV, with the preference for m χ ∼ 5 − 10 GeV, agrees with the values given in Refs [1, 4] .
2.
In this paper we analyze the possible properties of dark energy and dark matter particles (such as mass, spin, and charges) using the WMAP7-year and other data [5] . We consider the nonstationary universe in which dark energy is a source of observed matter in the form of baryons, leptons, and dark matter, while dark energy itself is identified with a condensate of quantum oscillations of primordial scalar field φ filling the homogeneous, isotropic, and closed universe. According to the quantum cosmological model [10] this condensate is an antigravitating quantum medium of excitation φ-quanta (zero momentum quasiparticles) of the spatially coherent oscillations of primordial scalar field about an equilibrium state σ corresponding to (true, Λ = 0, or false, Λ = 0) vacuum. Its energy density can be written as follows
where a is the cosmic scale factor, M k is an amount of matter (mass) in the universe related to quantized scalar field, k is the number of φ-quanta with the mass m φ =
is the potential of the scalar field.
Here we use the modified Planck system of units in which l P = 2G 3πc 3 is taken as a unit of length, m P = l P c is a unit of mass, ρ P = 3c 4 8πGl 2 P is a unit of energy density and so on. In this units a comoving volume is equal to 1 2 a 3 , and the dimensionless critical density equals to the dimensionless squared Hubble expansion rate H 2 .
The energy density of a condensate relative to critical density is
According to the model under consideration the matter energy density Ω φ on large spacetime scales has to be represented by the sum of the terms
where Ω B , Ω L , Ω DM , and Ω CM B are the energy density of barions, leptons, dark matter particles, and the cosmic microwave background radiation (CMB), Ω X is the density of residual dark energy (i.e. portion of a condensate which has not decayed to the moment of observation, for details see below). All quantities in Eqs (2) and (3) relate to some fixed instant of time t which is an argument of a and H.
Eqs (2) and (3) can be made consistent with each other if one assumes that under the action of gravitational force the φ-quanta decay via a two-step process into particles
or antiparticles φ =φ →χ +ν +n ցp
where we have used the standard notations for neutron, proton, electron, positron, and neutrino, while the bars denote antiparticles. The χ is the quantum of the residual excitation of the oscillations of the field φ about equilibrium state. The set of χ-particles forms dark matter. Neutrino takes away the spin and the dark matter particle χ may have spin 0 or 1. It follows from Ref. [4] that dark matter particle may be a scalar particle with scalar interaction. Therefore one can accept that the spin of χ is equal to zero. Since the universe is a charge neutral system, then all charges of the φ-quantum may be taken equal to zero. As it is assumed that dark matter has a non-baryonic nature, then the baryonic charge of χ is equal to zero. According to the reactions (4) and (5), the φ-quantum decays into three particles or antiparticles with the subsequent decay of n orn into three more particles. The inverse fusion reaction of three or more particles into the zero-momentum φ-quantum is negligibly small. As a result the T-invariance breaks down in the decays (4) and (5), and the arrow of time arises. Let us suppose that this theory is CPT-invariant. Then the violation of Tinvariance leads to the violation of CP-invariance as well. According to modern view, CP-violation can be caused by the baryon asymmetry of the universe.
Particles and antiparticles of the decays (4) and (5) can annihilate between themselves and contribute to the observed CMB. In the decays (4) and (5) five different "particle-antiparticle" pairs are produced. Since νν scattering cross section is significantly smaller than pp scattering cross section, then on the output we shall have n γ = 6 photons and n ν = 4 neutrinos/antineutrinos. The ratio nν nγ ≈ 0.67 can be compared with the observed value nν nγ | today ≈ 0.9. Then it follows that ∼ 26% of the registered neutrinos have secondary origin (e.g. may come from stars). In order to calculate the parameter η = n B nγ ∼ 10 −10 , where n B is number of baryons, the quantum model of a condensate with CP-violation has to be constructed. This question is outside of the scope of this paper.
3. Let us consider the decay channels (4) and (5) with regard for baryon asymmetry of the universe. Since Ω L ≪ Ω B , then leptons may be neglected, neutrino and antineutrino may be included in dark matter contribution term Ω DM , and annihilation photons in the density Ω CDM . We suppose that the φ-quanta and neutrons decay independently with some decay rates Γ φ and Γ n = Γn. According to the quantum model description [10] , when the universe expands, the following condition is realized at every instant of time for large enough number of the φ-quanta,
where a k is the mean value of the scale factor a in the k-state of the universe with the mass of a condensate M k . Eq. (6) can be interpreted as a mathematical formulation of the Mach's principle proposed by Sciama [11, 12] . In the classical limit the evolution of the mean value a k in time is described by the EinsteinFriedmann equations. Denoting the number of the φ-quanta as a function of the proper time t by N φ (t) and taking into account Eq. (1) we can write the condition (6) as follows
Under expansion of the universe in accordance with the Hubble law
the number of the φ-quanta will change as
Then taking into account two-channel φ-quantum decay as in the schemes (4) and (5), we can write the balance equations
where dδN φ = dN φ − dNφ is the difference between the φ-quanta decaying into particles and antiparticles in the channels (4) and (5) during the time dt,
is an effective decay rate which takes into account the change of the number of the φ-quanta during the expansion of the universe, δN n = N n − Nn and δN p = N p − Np are net amounts of neutrons and protons respectively at some instant of time t. Taking Γ p = Γp = 0 and choosing the initial conditions as
where N is the number of the φ-quanta at some arbitrary chosen initial instant of time t ′ , we find the solution of the set (10)
are the mean decay rate of the φ-quantum and the mean Hubble expansion rate on the time interval ∆t = t − t ′ . The decay rates of the φ-quanta Γ φ (t) and neutrons Γ n (t) are unknown. We shall assume that these decay rates depend very weakly on averaging interval. Then from Eqs (14) and (15) it follows the simple expressions
For our universe today Γ n = 1.12 × 10 −3 s −1 , H 0 = 71.0 ± 2.5 km s −1 Mpc −1 and the age t 0 = 13.75 ± 0.13 Gyr [5] . Taking ∆t = t 0 for estimation we find that
We have supposed that the decay of the φ-quanta is caused mainly by the action of gravitational forces. Then the inequality Γ φ ≪ Γ n must hold, and we can put
Under this condition the number of baryons δN p in the expanding universe obeys the law
4. The baryon density at the instant of time t is equal to
where m p is the proton mass. The density of dark energy which has not decayed at the instant of time t is
The ratio
can be written as follows
where g p = Gm 2 p and g φ = Gm 2 φ are the dimensionless gravitational coupling constants for proton and φ-quantum. We note that the coupling constant g p = 0.59 × 10 −38 is very small. The decay rate Γ φ has to be proportional to the coupling constant g φ and the dark energy number density |ψ(0)| 2 , where ψ is the wave function of the φ-quantum [9] . So the expression (24) can be rewritten in the form
where we denote β ≡ H∆t and g φ γ ≡ Γ φ ∆t. The ratio (25) as the function of g φ has the properties
and
The ratio (27) describes the case Γ φ ∆t = H∆t when the number of the φ-quanta is constant, δN φ (t) = N = const. The coupling constant g φ is equal to
Using the WMAP and other data [5] , Ω B = 0.0456 ± 0.0016, Ω X = 0.728
−0.016 , and Eq. (19), and setting H∆t = H 0 ∆t, we obtain
Under this assumption the decay rate of the φ-quantum is equal to Γ φ = 2.30×10 −18 s −1 . It is close to the value found in Ref. [9] in a model which does not take into account Eq. (9), thus being equivalent to the case Γ φ ≫ H. In the opposite case, when Γ φ ≪ H, the ordinary matter will not be produced in the universe. Therefore the value (29) may be considered as realistic. The coupling constant (29) corresponds to the mass
The quasiparticles with such a mass, if they exist, have to be observed as a constant component of radiation with the frequency
which is the same in every direction from the registration place. 5. Energy density of dark matter at the instant of time t is
Taking into account that the number of dark matter particles χ according to the decay schema (4) is equal to the number of baryons,
we find that
For the observed values of Ω B and Ω DM = 0.227 ± 0.014 [5] it follows that
With regard to the errors of measurement of Ω DM and Ω B one can take the value of the mass of the χ-particle equal to
This value is in the range m χ ∼ 1 − 10 GeV indicated in Ref. [4] . It agrees with the observations of CoGeNT [1] , DAMA [2] , and CDMS [3] . Eq. (33) is a relationship between the dark matter and baryon chemical potentials with precise value c 1 = 1 of the coefficient c 1 introduced in ADM models (cf. [4] ).
The following condition between dark matter density and the mass of particles which form dark matter has to be fulfilled
where m χ is in GeV. In Fig. 1 The energy density Ω DM versus the dark matter particle mass m χ in GeV. The observed density Ω DM = 0.227 ± 0.014 [5] corresponds to the mass m χ = 4.69 ± 0.45 GeV.
The particle with the mass (36) is characterized by the frequency in the energy spectrum ν DM and the length of the de Broglie's wave λ DM equal to
where v DM is the velocity of dark matter particle, c is the light velocity, v DM < c. The values of masses (30) and (36) show that the decay (4) occurs with release of energy ≈ 9 GeV in the form of kinetic energy of decay products.
From Eqs (23) and (32) it follows
Using the observed values of Ω X and Ω DM , and the obtained values of the masses m φ (30) and m χ (35), we find that
It means that the chemical potentials of dark energy and dark matter coincide. Eq. (40) is a manifestation of so-called coincidence problem (
. Its solution is a separate non-trivial task (see, e.g., Ref. [13] and references therein).
6. Thus one can conclude that the observed values of the densities Ω B , Ω DM , and Ω X in the model of the decays (4) and (5) lead to the values of mass ∼ 15 GeV of dark energy quasiparticle and mass ∼ 5 GeV of dark matter particle. Both these masses can be observed, the first one in the form of constant background of radiation with the frequency close to (31), while the second one in the form of signals with the frequency and wave length of radiation close to (38) from galaxy clusters where the intensive gravitational fields produced by dark matter exist.
